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4-AHINO-FLUOROBENZAHIDES AND THEIR USE AS CYTOTOXIC PRODRUGS 
This invention relates to prodrugs, their use In therapy 
and a process for their preparation. 

over the years, Mny cytotoxic cOBpounds have been 
S discovered which are of potential use in cancer che.oth.rapy. 
Hitrogen -ustards fro. one important family of such cytotoxic 
compounds. The clinical use of cytotoxic compounds In general 
and nitrogen mustards in particular has been limited because of 
the poor selectivity in the cytotoxic effect between tumour 
10 cells and normal cells. 

one approach to overcome this problem has involved the 
development of so-called prodrugs which are derivatives of the 
cytotoxic drug, often a relatively simple derivative, whose 
cytotoxic properties are considerably reduced compared to those 
Of the parent drug. Numerous proposals have been made for the 
administration of such prodrugs to patients under regimes 
Whereby the prodrug is only converted to the cytotoxic drug in 
the region of the intended site of action. 

one particularly promising approach involves the 
,0 conversion of the nitrogen mustard into a reaction product with 
an amino acid or oligopeptide to form a prodrug which can be 
converted tc the parent nitrogen mustard at the site of 
intended action under the influence of an enzyme. This 
approach can be put into practice by the utilisation of an 
« antibody/enzyme conjugate in association with a prodrug. The 
antibody/enzyme conjugate is one formed from an antibody to a 
tumour-associated antigen and an enzyme that will convert the 
prodrug to the cytotoxic drug. In clinical practice, the 
antibody/enzyme conjugate is first administered to the patient 
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and is allowed to localise in the region of the tumour to be 
treated. The prodrug is then administered to the patient so 
that conversion of the prodrug to the cytotoxic drug is also 
localised in the region of the tumour to be treated under the 
5 influence of the localised enzyme. Such a system is described 
in our WO-A-88/07378, and is now called "antibody-directed 
enzyme prodrug therapy" (ADEPT) . 

specific prodrugs that can be used in ADEPT are those 
based upon benzoic acid nitrogen mustards (WO-A-88/07378). The 
10 cytotoxic benzoic acid nitrogen mustard is a bifunctional 
alkylating agent and the activating effect of the ionised 
carboxyl group is masked in the prodrug by converting the 
carboxyl group into an amide by reaction with an a-amino acid, 
the preferred a-amino acid being glutamic acid. The relatively 
15 inactive prodrug can be activated to its corresponding benzoic 
acid at a tumour site by prior administration of a monoclonal 
antibody coupled to the enzyme carboxypeptidase G2 (CPG2) . 
Benzoic acid nitrogen mustard prodrugs and their cytotoxic 
drugs are also described in Springer et al., J. Med. Chem., 
20 (1990) 21, 677-681 and Springer sfe al- , Anti-Cancer Drug Design 

(1991) 6, 467-479. 

It is desirable to release a very reactive drug at the 
tumour in ADEPT. It is therefore an advantage to have prodrugs 
and corresponding active drugs of high reactivities, so that 
25 high efficacy ii) vivQ may be obtained. 

I have now synthesized 2- and 3-fluoro ring substituted 
benzoic acid nitrogen mustards of general formula (A') 
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F 

M— (^j)— CONH-R 



(A-) 



wherein R-NH is the residue of an a-amino acid R-NH, or 
Oligopeptide R-NH^, and M is a nitrogen mustard group of the 
formula 

LCH2CH2. 

10 

ycHiCHj- 

Wherein Y and L, which »ay be the same or different in a 
molecule, are leaving groups; and pharmaceutically acceptable 
salts thereof. The F group »ay be at the 2- or 3- position 
15 relative to the -COHH-R group. 

I have found that these compounds have surprising 
reactivities. Due to the strong inductive effect of fluorine, 
it would have been expected that a fluorine in the ring at 
position 2 or 3 would cause deactivation of the alKylatin, 
20 moiety, and that the Inductive effect would be greater in the 
3-position than in the 2-position. Thus, theoretically this 
would lead to the 3-fluoro compounds being less reactive than 
the 2-fluoro compounds. However, I found that although the 2- 
fluoro prodrugs and their corresponding drugs are deactivated 
25 as expected (i.e, less reactive than their ion-f luorinated 
analogues) , the 3-fluoro prodrugs and drugs are greatly 
activated (i.e. much more reactive than their non-f luorlnated 
analogues) . Further, all of the 3-fluoro but not all of the 2- 
fluoro prodrugs tested are good substrates for CPG 2. 
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WO 93/08288 discloses 2- and 3-fluoro ring substituted 
nitrogen mustard compounds, but these compounds contain an -NH, 
group in place of the protected carboxyl group of the present 
benzoic acid nitrogen mustard based prodrugs. The compounds 
5 containing an -NH, group are very reactive and the addition of 
a 3-fluoro group makes no significant difference to their 
reactivity, in contrast to the great increase in reactivity 
caused by the 3-fluoro group in the present compounds. 

The present invention provides a compound which is a 3- 
10 fluorobenzamide of the formula (A) 



•CONH— R <A) 



15 Wherein R-NH is the residue of an a-amino acid R-NH^ or 

oligopeptide R-NH„ and M is a nitrogen mustard group of the 
formula 

LCHjCHz-^ 



20 YCH2CH2 

wherein Y and L, which may be the same or different in a 
molecule, are leaving groups; or a pharmaceutically acceptable 
salt thereof. 

The prodrug is converted into the active drug by cleavage 
25 of the amide bond between the residue of the a-amino acid R-NH, 
or oligopeptide R-NH, and the residue of the benzoic acid 
nitrogen mustard. The active drug has the formula (B) 
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wherein M is as defined above. 

The prodrug is suitable for use in a method of treatment 
Of the human or animal body by therapy, particularly a method 
of treatment of cancer. The invention includes a method of 
10 treating a human or animal suffering from cancer, which method 
comprises administering to the patient a prodrug of the 
invention. The cancer may be any disease in which there is 
neoplastic cell growth, including leukemias and solid tumours 
(e.g. colorectal and ovarian tumours). 
15 The prodrug may be selectively converted to the active 

drug by the enzyme component of an immunoglobulin/ enzyme 
conjugate localised in the region of a tumour to be treated. 
Accordingly, the prodrug may be used in a method which 
comprises administering to a human or animal suffering from 
20 cancer pharmaceutically effective amounts of 

(i) an immunoglobulin/enzyme conjugate in which the 
immunoglobulin is specific for a tumour-associated 
antigen, and the enzyme will cleave the amide bond 
between the residue of the a-amino acid R-NH^ or 

25 oligopeptide R-NH, and the benzoic acid nitrogen mustard 

residue; and thereafter 

(ii) the said prodrug. 

Examples of suitable immunoglobulins and enzymes are 
given -in WO-A-88/07378 . The immunoglobulin may be an antibody 
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c . fragm.n,: of an antibody containing at Last one of the 
antigen binding sites of the antibody. The antibody is 
preferably monoclonal but could be polyclonal. The antibody 
will generally be of the I,G class but other classes of 
5 antibody are not excluded. The antibody Bay be humanised, e.g. 
as described by Winter in EP-A-a39 400. The antibody fragment 
is generally a Fab- or F(ab'), fragment. The enzyme is 
preferably a carboxypeptidase (e.g. bacterial carboxypeptidase 
G2 (CPG2) ) . 

in the prodrug of the invention, the groups Y and L, 
which may be the same or different in a molecule, may for 
example be halo, mesyloxy or 4-tosyloxy. Preferably, V and L 
are both mesyloxy, Y and L are both chloro. or Y is mesyloxy 

and L is chloro- 

The axaino acid or oligopeptide R-NH, is selected in order 
that the group P-NH of prodrugs of the invention may he removed 
^ ^ under the influence of an enzyme. Glutamic acid and 
aspartic acid are suitable amino acids, although other «-amino 
carboxylic acids may also be of use. The amino acids are 
20 preferably in the h configuration. 

Examples of prodrugs of the invention are 
3-f luoro-4-[bis- [2- (mesyloxy) ethyl] amino] benzoyl-L-glutamic 

acid, 

3-fluoro-4-t (2-chloroethyl) [2- (mesyloxy) ethyl]amino]benzoyl-L- 

25 glutamic acid, 

3-fluoro-4-tbis(2-chloroethyl)aminolben.oyl-L-glutamic acid, 

and pharmaoeutically acceptable salts thereof. 

The prodrugs of the invention may be produced by 
processes analogous to those described in «o-A-SS/073,8 , WO-A- 
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90/02729 and WO-A-91/03460. The process of the present 
invention comprises deprotecting a compound of the for^nula (C) 



Wherein M is as defined above, and K'-NH is the residue of an 
«-amino acid R'-NH, or oligopeptide R'-NH, containing at least 
.0 one protected carboxylic acid group, and optionally converting 
the resulting compound of formula (A) as defined above into a 
phannaceutically acceptable salt thereof. The compound of 
formula (C) is novel and for^ns part of the invention. 

The at least one protected carboxylic acid group may, for 
15 example, be , protected by an ethyl or tertiary butyl group. 

WO-A-88/07378 describes conventional methods of removing ethyl 
protecting groups which may be used in the present invent;ion. 
in these methods, the ethyl protecting groups are removed by 
alkaline hydrolysis with aqueous sodium hydroxide followed by 
20 conversion of the resulting sodium salt into the free 
carboxylic acid using hydrochloric acid. 

preferably, the protecting groups are t,ertiary butyl. 
WO-A-90/02729 describes a suitable method of removing the 
tertiary butyl protecting groups. The tertiary butyl ester 
25 groups can be converted into free carboxylic acid groups by 
treatment with an acid, for example in a non-aqueous medium. 
Trifluoroacetic acid and formic acid are suitable acids. 
Removal of the tertiary butyl ester group can be carried out 
quite simply by maintaining the tertiary butyl ester in a 
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substantially non-aqueous solution together with 
trifluoroacetic acid at room temperature, e.g. 15 - 25'>C. It 
is desirable to utilise an amount of trifluoroacetic acid that 
is at least equivalent to the tertiary butyl ester groups to be 
5 hydrolysed although the exact proportion of trifluoroacetic. 
acid and the hydrolysis temperature are not critical, the use 
of lower temperatures and smaller proportions of 
trifluoroacetic acid serving merely to prolong the period of 
time necessary for total hydrolysis of the tertiary butyl ester 
10 groups to taKe place. Hydrolysis of tertiary butyl ester 

groups with trifluoroacetic acid under non-aqueous conditxons 
proceeds almost quantitatively {>80%) . 

The compound of formula (C) may be obtained by reacting a 
compound of formula (D) 

15 

F 



20 Wherein X Is hydros or halogen (e.g. chlorine) and 2 is a 
group (e.g. NO,, capable of being converted to a nitrogen 
.ustard group « as defined above, with a protected a-amino acid 
R.-HH, or oligopeptide K'-HH, as defined above, followed by 
conversion of the group z (e.g. through NH,, to a group « as 

25 defined above. 

The protected a-amino acids (e.g. t-butylated glutamic 
acid or aspartic acid) and oligopeptides may be obtained 
commercially (e.g. from Sigma Chemical Company Limited). 
Alternatively, they may be prepared by conventional means. For 



PCT/GB94/00941 

WO 94/25429 

- 9 - 

example, glutamic acid .ay be reacted with t-buty lacetate . Tbe 
compounds Of formula (D) «ay be obtained fro» 3F, 4NO, toluene 
Which are cononercially available (e.g. froxn Aldrich Chemical 
company Limited) by the method of Jackman et^. , J. Med. Chem. 
5 (1990) 33, 3067-3071 and Marsham et_al. , ibid 3072-3078.. 

in a preferred method of producing the compound of 
formula (C) , a compound of formula (E) 

HO. F 

-CONH— R' 



ho' 

«herei„ B-HH is as defined above, is reacted with a compound 
of formula 

A-SO2-B 

Wherein A is a methyl or 4-tolyl group, and B is a halogen 
(e.g. Chlorine) . The reaction is suitably carried out in an 
organic solvent, e.g. pyridine. 

The compound of formula (E) is preferably prepared by 
20 reacting a compound of formula (F) 



15 



H2N 



•CONH— R' 



^S Wherein H'-HH, is as defined above with ethylene oxide in a 
solvent, e.g. acetic acid. 

The compound of formula (F) is preferably prepared by 
reducing a compound of formula (G) 
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Wherein R'-NH, is as defined above. The reduction may, for 
example, be effected by catalytic transfer of the compound of 
formula (G) , e.g. by ammonium formate in methanol in the 
presence of a Pd/C catalyst. 

The compound of formula (G) may be obtained by reacting a 
compound of formula (D) with an a-amino acid or oligopeptide of 
formula R'-NH. as defined above. The reaction is carried out 
in a solvent such as CH2CI2. 

The compounds of formulae (A), (O , (E) , (F) and (G) may 
15 each be purified by conventional means, e.g. chromatography 
and/or crystallization. These compounds may each be prepared 
in the form of a salt. Pharmaceutically acceptable salts of 
the compound of formula (A) include base salts, e.g. those 
derived from an alkali metal (e.g. sodium) or alkaline earth 
20 metal (e.g. magnesium), and ammonium salts; and acid addition 
salts, including hydrochloride and acetate salts. 

The invention includes a pharmaceutical composition 
comprising a prodrug of the invention and a pharmaceutically 
acceptable carrier or diluent. The invention also includes a 
25 kit comprising a prodrug or composition of the invention and an 
immunoglobulin/enzyme conjugate in which the immunoglobulin is 
specific for a tumour-associated antigen and the enzyme will 
Cleave the amide bond between the residue of the a-amino acid 
R.NH2 or oligopeptide R-NH2 and the benzoic acid nitrogen 
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mustard residue. 

The prodrug and immunoglobulin/enzyme conjugate will 
normally be administered parenterally , e.g. intravenously or 
intraperitoneally. Thus, the pharmaceutical composition of the 
5 invention is normally one which is suitable for parenteral 
(e.g. intravenous or intraperitoneal) administration. Such a 
composition conveniently contains the prodrug and isotonic 
saline or bicarbonate as diluent. The dose of the prodrug and 
conjugate will ultimately be at the discretion of the 
10 physician, who will take into account such factors as the age, 
weight and condition of the patient. Suitable doses of prodrug 
and conjugate are given in Bagshawe et_al. Antibody, 
immunoconjugates, and Radiopharmaceuticals (1991), 1, 915-922. 
A suitable dose of conjugate may be from 2000 to 200,000 enzyme 
15 units/m^ (e.g. 20,000 enzyme units/m') and a suitable dose of 
prodrug may be from 20 to 2000 mg/m' (e.g. 200 mg/m') . 

in order to secure maximum concentration of the conjugate 
at the site of desired treatment, it is normally desirable to 
space apart administration of the two components by at least 4 
20 hours. The exact regime will be influenced by various factors 
including the nature of the tumour to be targeted and the 
nature of the prodrug. A typical regime is to administer the 
conjugate at 0 h, galactosylated clearing antibody at 24 h, and 
prodrug at 48 h. If no clearing antibody is used, it would 
25 generally be longer than 48 h before the prodrug could be 
injected. 

The following Examples serve to illustrate the invention. 
The following Reaction Schemes 1 and 2 summarise the processes 
of Examples 1 and 2 respectively. 
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SUBSTITUTE SHEET (RULE 26) 
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. KXT^MPT.F 8HOWTNG THF SYNTH1.»X8 OF 2- 

irT.nnpn PRODRUGS 

PI trr— .,.i.,n.«.4-nitroh^n70Yl-L-q1ut.ainate (Ij 

TO a solution of di-tert butyl L-glutamate hydrochloride 
5 (5.0 g, 16.9 mmol) in Et3N (5.0 ml, 34.0 mmol) was added 

dropwise a solution of 2-f luoro, 4-nitro benzoyl chloride (3.5 
g, 17.0 mmol) in CH,C1. (50 ml). Extractive workup gave an oil 
(1) ; yield (6.8 g, 94%) ; 

•HNMR (Me,SO-d,) 51.40 (s, 9H, t-Bu) , 1.43 (s, 9H, t-Bu) , 1-95 
10 (m, 2H, CH,CH.CO,-t-Bu), 2.34 (t, 2H, J=7.4HZ, CH^CO^-t-Bu) , 

4.35 (m, IH, CH),7.85 (ddd, IH, J„^.„.3=l.l, Jh^.f«7.1, J«^.„^=8.2Hz 

H-6), 8.18 (m, 2H, H-3,H-5), 8.92(d, IH, J=7.46Hz, NH) ; 

"NMR (Me^SO-ds) 6-110.41 (dd, Jp.H-s -Jf.h^=6 . 96Hz) ; 

xnass spectrum (FAB) m/z ([M^-H*], 18), 315 (M-t-Bu„ 100); 
15 Anal: C^.N.O.F-0. 04CH.C1. requires C-55.99, H-6.35, N-6.52, F- 

4.42, 01-0.66, found C-55.64, H-6.08, N-6.41, F-4.44, Cl-0.31. 
(The presence of CH,Cl, noted in the elemental analysis was 
confirmed by NMR) . 

20 t..»-^o^^-t>utvl ■»-^n»»T»«.4-a^inoheii70Yl-L-q1utaTnate (2) 

catalytic transfer reduction of the nitro compound (i) 
(5.8 g, 13-6 mmol) in MeOH (60 ml) with ammonium formate (4.5 
g, 71.5 mmol) over Pd/C (10%) gave the amine (2) as an oil; 
yield (5.2 g, 96%); 
25 -H NMR (Me,SO-d.) .1.38 (s, 9H, t-Bu) , 1.41 (s, 9H, t-Bu) , 1.95 
(m, 2H, CH.CH,CO,-t.Bu), 2.29 (t, 2H, .=8.13Hz, CH^CO^-t-BU, , 
4.31 (m, IH, CH), 5.98 (s, 2H, NH,) , 6.30 (dd, IH, J„.,^14 . 33Hz , 
„.3), 6.40 (dd, IH, Jh-,.h-6=8.57HZ, H-5) , 7.42 (dd, IH, J„^.„. 
5=8.70, J„^.F=17.46 HZ, H-6), 7.69 (dd. IH, J„.n.h-c6 . 7 5 , J„.n. 
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P=13.93HZ, NH) ; 

«F NMR (Me^SO-dJ 5-112.23 (ddd) ; 

.ass spectruxa (FAB, m/z (397 CM.H^3, 100), 341 (M-t-Bu, 45); 
Anal: W,O,F-0 J SMeOH requires C-59.69, H-7.58, N-6.79, F- 
5 4.61, found C-59.84, H-7.48, N-7.02, F-4.79. 

,,,, .■r.i„r.-|,v.roxyethyl)a^iiimt>enzoyl-L- 

^l^.»aTnate f31 

«,ine Ci) (1.6 1. ■'•O -ol) <" 
10 with ethylene o.iae ,13.0 .1, «0 ■«.ol, at roOM temperature for 
112 h. The product was partitioned between CH,C1, and np. The 
organic phase wa= separated, washed with H,o, dried (Ba,SO.) , 
and evaporated to dryness. The crude oil was chromatographed 
on silica gel, elating with EtOAc-CH.Cl, to give «. oil (2); 
15 yield (1.0 g, 49%) . 

.» KHR (Me.SO-d., ^1.39 (S, «H, t-BU, . 1.42 (s, 9H, t-BU, , 1.93 
2H, afcCH,CO,-t-BU,, 2.29 ,t, 2H, J=7.69HZ. CH^CO,-t-BU) , 
3 46 (d, 4H, J-5.23H», (HOElfcCH.),) , 3.55 (t, 4H, J-4.80HZ, 
<„o™.,, 4.34 <», IH, CH), 4.75 (t, 2H, a=4.67H., (OH,,), 
20 6.50 (dd, IH, a„,-17.09HZ. H-3) , 6.57 (dd, IH, a.«^8.97HZ, H- 
5), 7.33 (dd, IH, Jh*p-9.1Bz, H-6) , 7.69 (dd, IH, J»..»^7.11, 
Jh-n.f-I^." HZ, NH) ,. 
"F NMK (Me,SO-d,) «-111.03 (ddd) J 

„ass spectrum (FAB) m/z (485[M.H*, .4) , 226 («-glUtBu„ 100), 
25 Anal: c,.H„W-0 . SEtOAc requires C-59.07, H-7.82, H-5.30, F- 

3.59, found C-59.23, H-7.71, N-5.20, F-3.32. (The presence of 
EtOAc noted in the elemental analysis was confirmed by NHR) . 
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^-qliifcamate. (4) 

.-.,,..1 .,.luoro,^ 1.1 ■ ,.. y1)r->M. es y1oxv)et>.yl)(.- , 

T,o1benzov1 -T.-q 1 iitamate ( S ) 
5 ..-4......»„t:vl 2 ^ .-rpi.(2-rTnoroethyl)aminmben.oyl-L- . 

q1 Iitamate (6) 

A solution of (3) (1.4 g, 2.9 ^ol) in pyridine (4.5 ml) 
was stirred with methane sulphonyl chloride (0.9 ml, 1.8 mmol) 
at ooc for 20 min followed by 80-0 for 20 min. The reaction 
10 mixture was partitioned between EtOAc and citric acid (10%). 
The organic phase was separated, washed with H.0, dried 
(Na,SO.), and evaporated to dryness. The concentrate contained 
three reaction products, each of which gave a positive colour 
with the Epstein reagent. The mixture was chromatographed on 
15 silica gel. The slowest eluting was the 2-fluoro, bis[2- 
(mesyloxy) ethyl-derivative, a solid (A); mp 90-92-C, yield 
(0.10 g, 5%) ; 

(He,SO-a., ^1.38 (S, 9H. t-Bu). 1.42 (s, 9H, t-Bu) , 1.94 
(B, 2H. filfcCH.CO.-t-Bu), 2.30 (t, 2H. J.7.79HZ, CH^C0,-1:-Bu, , 
20 3.16 (S, 6H, (SftSO,,,,, 3.80 (t, 4H, J=5.21Hz, (OH.SO.CH^).) , 
4.33 (t, 5H, J=5.30H2, ( CH,SO,SIfaCH,) , S CH) , 6.68 (dd, 2H, J^.k. 
.=8.14, J„,^15.27HZ, H-3, H-5) , 7.64 (dd, IH, J«.p-9.1Hz, H-6) 
7.90 (dd, IH, J.„.H^=.31, a„„,^«.52HZ, »H) ; »F (M.,SO-d.) 
5-100.52 (dd); 

.5 »a.s .pectru. (FAB, »/. (641 [«.H*1 . 12). 382 ,M-,lutBU„ 100, 
«.al= C^,N,0„FS, require. 0-48.73, H-6.45, H-4.37, F-2.97, S- 
10.01, found C-48.62, H-6. 26, N-4.32, F-2.73, S-10.09. 



PCr/GB94/00941 

WO 94/25429 

- 17 - 

Eluting second was an oil, the 2-fluoro, (2- 
chloroethyl)[2-(K.esyloxy)ethyl] derivative (5); yield (0.58 g, 

34%) ; 

.HNKR (Me,SO-d,) .1.38 (s, 9H, t-Bu) , 1.42 (s, 9H, t-Bu) , 1.93 
5 (TU, 2H, CH,CH.CO,-t-Bu), 2.30 (t, 2H, a=7.82Hz, CH^CO^-t-BU) , 
3.15 (s, 3H, CH3SO3), 3.77 (s, 4H, ClCH^^) . 3.82 (t, 2H, 
J=5.18H., CH3S03CH^), 4.32 (t, 3H, J=5.17HZ, CH3S03CH,CH3 ^ CH, , 
6.66 (m, 2H, H-3, H-5) , 7.55 (dd, IH, J„^.„.5=8.79, J„^.p=9.2HZ, H- 
6), 7.89 (dd, IH, J„.N.H^5.64, Jh^.p=12 . 82H2 , NH) ; 
10 "F NMR (MeiSO^-dfi) 5-110.45 (m) ; 

xnass spectrum (FAB) m/z (581 [M^M^], 14), 322 (M-glutBu„ 100); 
Anal: C„H3sNAFClS requires C-51.67, H-6.59, N-4.82, F-3.27, Cl- 
6.10, S-5.52, found C-51.92, H-6.53, N-4:82, F-3.16, Cl-6.06, 
S-5.48. 

15 

The fastest eluting, 2-fluoro, bis (2-chloroethyl) 
derivative was a solid (6); mp 104-106OC, yield (0.53 g, 34%); 
•H NMR (Me,SO-d,) S 1.38 (s, 9H, t-Bu) , 1.42 (s, 9H, t-Bu) , 1.96 
(., 2H, CH,CH,CO,-t-Bu), 2.29 (t, 2H, J=7.79HZ, CH^CO,-t-Bu) , 
20 3.78 (dt, 8H, J=5.29HZ (CISHaCH.)^) , 4.35 (m, IH, CH) , 6.65 (m, 
2H, H-3, H-5), 7.55 (dd, IH, Jh...h.s=9 • 1 » Jh^.h-5=9 • 4Hz , H-6) , 7.88 
(dd, IH, J„.M.H^5.53, J„^.p -12-84HZ, NH) 

"F NMR (Me^SO-dJ 6-110.55 (ddd, Jp,„.K=ll. 26, Jp.„-,=14 . 07 , Jp.„. 
6=16. 32HZ) ; 

25 mass spectrum (FAB) m/z (521 [M+H^3, 16), 262 (M-glutBu., 100) 
Anal: C,H3,N,P3Cl. requires C-55.28, H-6.77, N-5.37, F-3.64, Cl- 
13.60, found C-55.43, H-6. 82, N-5.39, F-3.62, Cl-13.91. 
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T.^^ P«^;,tion ei i»r.^As - General Method 

compound a) (0.13 g, 0.20 mmol) , (S) (0.21 g, 0.36 
minol), or (6) (0.20 g, 0.38 mmol) was suspended in TFA (4-8% 
w/v) and stirred for 40 min at room temperature. The solvent 
5 was removed under reduced pressure and the remaining oil was 
diluted with ethyl acetate (1 ml) which was evaporated. This 
latter step was repeated 5-20 times. Compound (7); yield (0.12 
g, 100%), 2-fluoro, 4-[bis-[2-(mesyloxy)ethyl]amino]benzoyl-L- 
glutamic acid, was obtained as a pure product from (4) ; 
10 'HNMR (Me,SO-d«) S2.Q5 (m, 2H, glfeCHaCCH) , 2.32 (t, 2H, 

J=7.61Hz, CH^:C02H), 3.16 (S, 6H, (SHaSO,),) , 3 . 81 (t, 4H, 
J=4.98HZ, (CH3S03CH^).), 4.33 (t, 4H , J=5.30HZ, (CH3S03C&CH,) ,) , 
4.41 (t, IH, J=4.16HZ, CH), 6.69 (m, 2H, H-3 , H-5) , 7.58 (dd, 
IH, J„...=9.1, J„..H^=9.3HZ, H-6), 7.89 (dd, IH, Jh.n.h-c=6 • 04 , J„.«. 
15 F=12.08HZ, NH) ; 

i«F NMR (Me^SO-dJ 5-110 . 35 (ddd, Jf.h.j=14 • 52H2) ; 

mass spectrum (FAB) m/z (529[M-hH^], 12), 382 (M-glu, 100); 

Accurate mass Expected 529.0961 found +2.0 ppm; 

Anal: C«Hj5Np„FS2-0.40TFA-0.30EtOAc requires C-39.99, H-4.67, N- 
20 4.67, F-6.96, S-10.68, found C-39.62, H-4.50, N-4.64, F-6.57, 
S-10.40. (The presence of EtOAc and TFA noted in the elemental 
analysis was confirmed by NMR) . 

This compound reacted positively with the Epstein spray 
reagent. 

25 

compound (8); yield (0.17 g, 92%), 2-fluoro, 4-[(2- 
chloroethyl) [2-(mesyloxy) ethyl]amino]benzoyl-L-glutamic acid, 
was similarly obtained as an oil from (1) ; 



30 
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'H NMR (Me,SO-d,) 62.02 (m, 2H, SH^CHjCO^H) , 2.32 (t, 2H, 
J=7.53HZ, CH^^CO^H), 3.15 (S, 3H, CH3SO3) , 3.77 (S, 4H, 
ClCHjCHj), 3.82 (t, 2H, J=5.11Hz, CHjSOjCH^) , 4.32, (t, 2H, 
J=5.31HZ, CHjSO^CH^), 4.40 (q, IH, J=4.54Hz, CH) , 6.67 (m, H- 
5 3, H-5), 7.57 (dd, IH, J„^.p=9.1. Jh-6.h.5=9 • 4HZ , H-6), 7.88 (dd, 
IH, J„.N.H-c=6.53, Jh.„.f=13-06Hz, NH) ; 
"F NMR (MejSb-d^) 5-110.35 (ddd, Jp,H.3=16 - 19H2) ; 
mass spectrum (FAB) m/z (469 [M+H*],8), 322 (M-glu, 100); 
Accurate mass Expected 469.0847 found +3.2 ppm; 
10 Anal: C„H,,NPgFClS-0.26TFA-0. 15EtOAc requires C-42.52, H-4.62, 

N-5,48, F-6.60, Cl-6.93, S-6.27, found C-42.12, H-4.68, N-5 . 13 , 
F-6.20, Cl-6.67, S-6.0. (The presence of EtOAc and TFA, noted 
in the elemental analysis was confirmed by NMR) . 
This compound reacted positively with the Epstein spray 
15 reagent. 

compound (9); yield (0.17 g, 97%), 2-fluoro, 4-[bis(2- 

chloroethyl)amino]benzoyl-L-glutamic acid, was likewise 

obtained as an oil from (6) ; 
20 'H NMR (MejSO-dJ 51-98 (m, 2H, ClfcCH^COjH) , 2.33 (t, 2H, 

J=7.70HZ, CHjClfcCOjH), 3.78 (dt, 8H, (ClCH2C&)2), 4.41 (m, IH, 

CH), 6.65 (m, 2H, H-3, H-5), 7.58 (dd, IH, Jh^.h-5=8 . 8 3 , J„. 

,.P=9.1HZ, H-6), 7.85 (dd, IH, Jh-n.h^=5 . 53 , J„.n. p»12 . 84H2 , NH) ; 

"F NMR (MezSO-dfi) 5-110 . 43 (ddd, Jp.H-s^^^ ' ^'^Hz) ; 
25 mass spectrum (FAB) m/z (409 [M+H*] 3) , 262 (M-glu, 100); 

Accurate mass expected 409.0733 found +3.7 ppm; 

Anal: C.^^NPsFCl^-0 . 40TFA requires C-44.36, H-4.30, N-6.16, F- 
9.19, Cl-15.58, found C-44.59, H-4.29, N-5. 83, F-8.81, Cl- 
15.58. (The presence of TFA noted in the elemental analysis 
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was confirmed by NMR) • 

This compound reacted positively with the Epstein spray 
reagent . 

5 i=.v.uT,T.i. ... sY V ^^-'-r^ 3-FT.nORO PRODRUGS 

^, ,rr---- Y^ ,-^.noro.4-TiitrohenzoYl-I-a1>.t.amate (13) 

TO a solution of di-tert butyl L-glutamate hydrochloride 
(20.0 g, 67.6 mol) in EtaN (19 ml, 136.0 mmol) was added 
dropwise a solution of 3-f luoro, 4-nitro benzoyl chloride (13.8 
10 g, 68.0 mmol) in CH,C1. (300 ml). Extractive workup gave an oil 
(13) ; yield (28.0 g, 97%) ; 

•H NMR (Me.SO-d.) .1.40 (s, 9H, t-Bu) , 1.42 (s, 9H, t-Bu) , 1.99 
(m, 2H, £&CH.CO.-t-Bu), 2.36 (t, 2H, J=7.45Hz, CH^,CO,-t-Bu) , 
4.35 (m, Ih/cH), 7.92 (dd, IH, J„..h,=7 . 56Hz , H-6) , 8.01 (dd, 
15 IH, J„...p=11.97Hz, H-2), 8.29 (dd, IH, J„.5.„.= 7.83, J„.,.=16 . lOHZ , 
H-5), B.97 (d, IH, J=7.42Hz, NH) ; 

''F NMR (Me,SO-de) 6-117.98 (dd, Jp.„.2= 7.32, Jp.H.3=17 - 8 Hz) ; 
mass spectrum (CI) m/z 427 ( [M+H^ , 100); 

Anal: CoH„N30,F-0.25CH,Cl, requires C-54.33, H-6. 19, N-6.26, F- 
20 4.24, Cl-3.96, found C-54.22, H.6.38, N-6.05, F-4.34, Cl-4.15. 
(The presence of CH.Cl, noted in the elemental analysis was 
confirmed by NMR) - 

^. trr— .-^in^ro nobenzoyl -T-a1^itamate (14) 

25 catalytic transfer reduction of the nitro compound (11) 

(7.5 g, 17-5 mmol) in MeOH (60 ml) with ammonium formate (5.8 
g, 91.6 mmol) on Pd/C (10%) gave the amine (14) as an oil (6.9 

1' iT^Me^SO-d.) .1.39 (s, 9H, t-Bu) , 1.40 (S, 9H, t-Bu) ., 1.97 
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(m, 2H, CH2CH,CO,-t-Bu) , 2.31 (t, 2H, J=7.44Hz, CH^CHjCO^-t-Bu) , 
4.28 (m, IH, CH), 5.71 (s, 2H, NHj) , 6.77 (dd, IH, Jh.s.h-6=8 • 77 / 
JH.3.r=17.43Hz, H-5), 7.49 (dd, IH, J„^.„.5=8 . 32Hz , H-6) , 7.56 (dd, 
IH, J„.2.P=12.79HZ, H-2), 8.19 (d, IH, J=7.55H2, NH) ; 
5 "F NMR (MejSO-de) 5-135.56 (dd, Jp.H.2= 12.21, Jf.h-5=20 . 51 Hz) ; 
mass spectrum (FAB) m/z 396 ([M+H-],5} 138 (M-glu, 100); 
Anal: C^oH^NPsF requires C-60.59, H-7.37, N-7 . 07 , F-4.79, found 
C-60.50, H-7.34, N-7. 09, F-4 . 69 . 

10 Pi - 1 er t-but-v 1 3-fmo r »-^-rBiaf2 -hvdr oxye thyl ) amine 1 benzoYl"I»- 
altttamate (15) 

Amine (14) (5.3 g, 13.4 minol) in HOAc (30 ml) was stirred 
with ethylene oxide (60 ml, 1.2 mol) at room temperature for 
33 6 h. The solvent was partitioned between EtOAc and HjO. The 
15 organic phase was separated, washed with HjO, dried (Na2S04) , 
and evaporated to dryness. The crude oil was chromatographed 
on silica gel, eluting with EtOAc-CHjClj to give the pure oil 
(IS); yield (3.3 g, 51%) 

'H NMR (Me^SO-d,,) 51.39 (s, 9H, t-Bu) , 1.41 (s, 9H, t-Bu) , 1.97 
20 (m, 2H, CHjCH^CO^-t-Bu) , 2.32 (t, 2H, J=7.42Hz, CH^C&COj-t-Bu) , 
3.43 (t, 4H, J=5.93HZ, (HOCSjCHj)!) , 3.54 (d, 4H, J=5.46Hz, 
(HOCHjCHjLi) , 4.31 (m, IH, CH) , 4,67 (S, 2H, (OH),), 6.99, (dd, 
IH, Jh.s.h^=8.86, Jh.5.f= 17.84Hz H-5), 7.60 (dd, 2H, J„4i.H-5=9 . 56 , J„. 
2F=14.26HZ H-6, H-2) 8.30 (d, IH, J=7.48HZ, NH) ; 
25 "F NMR (MejSO-dJ 5-124.31 (dd, Jf.hj'H • 63 , Jf.h.5=17 . 08Hz) ; 

mass spectrum (FAB) m/z (485 [M+H*] , 22), 226 (M-glutBu, 100); 
Anal: C,4H37N207F-1 . lEtOAc requires C-58.66, H-7.94, N-4.82, F- 
3.27, found C-58.31, H-7.83, N-5.18, F-3.49. (The presence of 
EtOAc noted in the elemental analysis was confirmed by NMR) . 
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..,....-.u^vl .- .i»o^».4-rPi.(7-(inasvloxvl nth Yl>ainir.o1ben.oyl- 
T.- ql-atamat e (16) 

^. rrr---"- ^- ,.^Tnnro.4> r f ^-^>^1 "^^^^hvl ) f"- (mPoylo^) ethyl > (2- 
f 1 .m^ nn-| benz oyl - L-ql utamate ( 17 1. 

5 ..-....-H.^-vi 3 -^^»-^^-^-rBis(7-rtnnroethyl)aTniTio1bengoyl-L - 

r yliij-amate (18) 

A solution of (15) (0.67 g, 1.4 loiaol) in pyridine (3 ml) 
was stirred with methane sulphonyl chloride (0.6 ml, 7.7 r^ol) 
at O-C for 20 min followed by SO-C for 15 min. The reaction 

10 mixture was partitioned between EtOAc and citric acid (10%). 
The organic phase was separated, washed with H,0, dried 
(Na,SO,), and evaporated to dryness. The .concentrate contained 
three reaction products, each of which gave a positive colour 
reaction with the Epstein reagent. The mixture was 

15 chromatographed on silica gel. The slowest eluting oil was the 
3-fluoro, bis [ 2- (mesyloxy) ethyl-derivative, as the oil (16); 
yield (0.31 g, 35%) ; 

'HNMK (Me,SO-d.) 61.39 (s, 9H, t-Bu) , 1-41 (s, 9H, t-Bu) , 1.98 
(m, 2H, CH3CH3CO,-t-Bu), 2.32 (t, 2H, J=7.42Hz, CH^CO.-t-Bu) , 
20 3.12 (s, 6H, (CH,S03),), 3.72 (t, 4H, J=5.41Hz, CH3S03CH^).) , 

4.30- (t, 5H, J=5.32HZ, (CH3SO3SH3CH,) 3 & CH) , 7.16 (dd, IH, W 
«=8.79, J„.5.P=8.8HZ, H-5) 7.67 (dd, 2H, J„.,p=13 . 81Hz , H-2 , H-6) , 
8.43 (d, IH, J=7.56HZ, NH) ; 

NMR (MejSO-de) 5-122.69 (dd) ; 
25 mass spectrum (FAB) m/z (641 [M+H^ , 15), 382 (M-glutBu„ 100); 
Anal: C.H.NA,FS.-0 . 6EtOAc requires C-49.18, H-6. 66, N-4.04, F- 
2.74, S-9.25, found C-48.92, H-6. 59, N-4.00, F-2.85, S-8.93. 
(The presence of EtOAc noted in the elemental analysis was 
confirmed by NMR) . 
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Eluting second was the 3-fluoro, (2-chloroethyl) [2- 
(mesyloxy) ethyl] derivative, as the oil (17); yield (0.29 g, 
37%) ; 

•H NMR (Me,SO-d,) 51.39 (s, 9H, t-Bu) , 1.41 (s, 9H, t-Bu) , 1.99 
5 (m, 2H, CiI.CH,CO,-t-Bu) , 2.32 (t, 2H, J-7.37H2, CH^CO,-t-Bu) , 
3.12 (S, 3H, CH,S03), 3.71 (s, 6H, ClCIfcCii, + CH3S03CH^.) , 4.30 
(t, 3H, J=5.29HZ, CH3SO3CH2CH2 + CH), 7.13 (dd, IH, Jh-5.h^=8 .81, 
J„.,.,=9.0HZ, H-5), 7.66 (dd, 2H, J„...p=14 . 58Hz , H-2 , H-6) , 8.41 
(d, IH, J=7.54HZ, NH) ; 
LO "F NMR (Me2SO-d6) 5-123.40 (m) ; 

mass spectrum (FAB) m/e (581 [M+H^ ) 30) , 322 (M-glutBu„ 100); 
Anal: C«H3sN,0,FCIS requires C-51.67, H-6. 59, N-4.82, F-3.27, Cl- 
6.10 S-5.52, found C-51.29, H-6. 60, N-4.56, F-3.18, Cl-5.74, S- 



5.29. 



15 



The fastest eluting, 3-fluoro, bis (2-chloroethyl) 
derivative was the solid (18), mp 100-103-0; yield (0.11 g. 



15%) ; 



'HNMR (Me,SO-d,) 51.39 (s, 9H, t-Bu) , 1.41 (s, 9H, t-Bu) , 2.01 
20 (m, 2H, C&CH3CO,-t-Bu), 2.33 (t, 2H, J=7.34Hz, CH^CO,-t-Bu) , 

3.72 (s, 8H, (ClCH3CBb)2), 4,32, (m, IH, CH) , 7.11 (dd, IH, W 
.-8.86, J„.5.r=9.1Hz, H-5), 7.65 (m, 2H, H-2, H-6), 8.40 (d, IH, 
J=7.35HZ, NH) ; 

"F NMR (Me^SO-de) 5-123.83 (dd, Jf,h.2=14.8 Hz); 
25 mass spectrum (FAB) m/z (521 (M+H^ , 19), 262 (M-glutBu„ 100) j 
Anal: C«H33Np,Cl,-0 . 5H,0 requires C-54,34, H-6. 84, N-5.28, F- 
3.58, Cl-13.37, found C-54.71, H-6. 61, N-5.31, F-3 .64 , Cl- 
13-54. 
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^^^ p,^«i-s»^ of di - -«Ho - General method 

coxapound (16) (0.10 g, 0.16 :axnol) , (17) (0.08 g, 0.13 
r^ol). or (18) (0.06 g, dl -ol) was suspended in TFA (4% 
w/v) and stirred for 40 min at room temperature. The acid was 
5 removed under reduced pressure and the remaining oil was 

diluted with ethyl acetate (1 ml) which was evaporated. This 
latter step was repeated 5-6 times. Compound (19); yield (0.09 
g, 91%) S-fluoro, 4-Cbis-[2-mesyloxy)ethyl]amino]ben2oyl-L- 
glutamic acid, was obtained as a pure product from (16) ; 
10 >HKMR (Me^SO-d.) 51.99 (m, 2H, CH.CH.CO.H) , 2.35 (t, 2H, J=7.45HZ, 
CH^3C03H), 3.13 (S, 6H, (CH3SO3).), 3.72 (t, 4H,J=5.34HZ, 
(CH3S03CH^.).), 4.31 (t, 4H, .=5.16HZ, (CH3S03CH,CH.) ,) , 4.39 (m, 
IH, CH), 7.16 (dd, IH, J„.3.„.=8.59, J„.,p=18 . 03Hz , H-5) , 7.68,(dd, 
Ws=S.91, .„..=15.29HZ, H-2, H-6) , 8.45 (d, IH, ^=7.69Hz, HH) ; 
15 ''F NMR (MezSO-dft) 5-122 . 54 (m) ; 

mass spectrum (FAB) m/z (529 [M+H^] , 45) 382 (M-glu, 100); 
Accurate mass expected 529.0961 found +5.4ppm; 

Anal: C„H,N,O„FS,.0 . 22TFA-0 . 21EtOAc requires C-40.47, H-4.74, N- 
4.90, F-5.51, S-11.21, found C-40.87, H-4.76, N-4.75, F-5.85, 
20 S-10.98. (The presence of EtOAc and TFA, noted in the 
elemental analysis was confirmed by NMR) . 
This compound reacted positively with the Epstein spray 
reagent . 

25 compound (20); yield (0.06 g, 91%), 3-fluoro, 4-[ (2- 

chloroethyl)[2-(mesyloxy)ethyl]amino]benzoyl-I,-glutamic acid, 

was similarly obtained as an oil from (17) ; 

>HNMR (Me,SO-d5) 52.00 (m, 2H, S&CH.CO.H) , 2.35 (t, 2H, 

J=7.43HZ, CH^.CO,H), 3.13 (S, 3H, CH3SO3) , 3.73 (s, 6H, ClCH^. 
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+ CH3S03CH^,), 4.31 (t, 2H, J=5.40H2, CHjSOjCifcCH,) , 4.39 (m, IH, 
CH), 7.15 (dd, IH, J„.5.„.6=8.81, J„.,.P=18.24HZ, H-5), 7.68 (dd, 2H, 
Jh-2.f=14.75HZ, H-2, H-6), 8.45 (d, IH, J=7 . 64H2 , NH) ; 
"F NMR (Me^SO-dfi) 5-123.19 (dd, Jf.h.2=11 • 46 , Jp.„.j=14 . 12Hz) ; 
5 mass spectrum (FAB) m/z (469 [M+H*], 10), 322 (M-glu, 100) 
Accurate mass expected 469.0847 found +4.9ppm; 
Anal: CnH^^NjOgFCIS-0 . 20TFA-0 . 21EtOAc requires C-42.94, H-4.72, 

N-5.49, F-5.96, Cl-6.95, S-6.28, found C-43.34, H-4.79, N-5.16, 

F-5.95, Cl-6.82, S-5.89. (The presence of EtOAc and TFA noted 
10 in the elemental analysis was confirmed by NMR) . 

This compound reacted positively with the Epstein spray 

reagent. 

compound (21); yield (0.05 g, 97%), 3-fluoro, 4-[bis(2- 
15 chloroethyl) amino] benzoyl-L-glutamic acid, was likewise 
obtained as an oil from (18) : 
. >H NMR (Me^SO-ds) 52.00 (m, 2H, SHjCH^CO^H) , 2.35 (t, 2H, 
J=7.48HZ, CH^C&COjH) , 3.73 (s, 8H, (ClfiHjCHj),) , 4.41 (m, IH, 
CH), 7.12 (dd, IH, Jh-5.h-6=8.78, J„.5.f=18 . 17HZ , H-5), 7.67 (dd, 2H, 
20 J„.j.p=15.39Hz, H-2, H-6), 8.42 (d, IH, J=7.22Hz, NH) ; 
"f NMR (MejSO-dg) 5-123 . 65 (dd) ; 

mass spectrum (FAB) m/z (409 [M+H*],48), 262 (M-glu, 100); 
Accurate mass expected 409.0733 found -0.7ppm; 

Anal: C^H^NPsFCl^-0 . 18TFA-0 . 2EtOAc requires C-46.07, H-4.68, N- 
25 6.26, F-6.54, Cl-15.85, found C-46.29, H-4.80, N-5.99, F-6.29, 
Cl-15.99. (The presence of EtOAc and TFA noted in the 
elemental analysis were confirmed by NMR) . 
This compound reacted positively with the Epstein spray 
reagent. 
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^v^v^T... AB ^r^ T^ PRODPnOS TO ACT fiS CPC? SUgSTRATllS 

The ability of the prodrugs to act as a substrates for 
CPG2 was tested. 

The enzyme kinetics were measured as described in 
5 springer et^. , Eiir. J. Cancer (1991) 21. 1361-1366. The 
results are shown in Table 1. All the 3-fluoro substituted 
prodrugs tested (19, 20 and 21) were found to be good 
substrates for CPG2 . Of the 2-fluoro substituted prodrugs, 
prodrugs (S) and (£) were good substrates, but prodrug (7) was 
10 such a poor substrate that it was not possible to measure its 
kinetics. 
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ir<r>^A,±as o f T>^odiriia3 as substrates for CPG2 




rr^^^.^ ^T..na.TVTTY OF THT! PRODRUf^B T^ND AHTIVE DRUGS 

The chemical half lives of the prodrugs and the active 
drugs. were measured in order to determine their relative 
reactivities. 

15 The half lives were measured in a pH stat, by titrating 

against NaOH, according to Springer et_al. Anticancer Drug 
Design (1991) 6 467-479. The results are shown in Table 2. 
All three 2-f luoro prodrugs (2, 8, and £) and their 
corresponding active drugs (IQ, 11 and 12) were deactivated. 

20 The chemical half lives of the 2-fluoro prodrugs were too long 
to be measured in a pH stat. In contrast, the 3-f luoro 
prodrugs (19, 20 and 21) and the corresponding drugs (22, 23 
and M) were activated compared to the corresponding non- 
fluorinated analogues and 2-fluoro analogues. 
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*30 


324 


nd - not de 
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* For comparison j 



15 25 = 4-[bis(2-iaesyloxy)ethyl3amino]benzoyl-L-glutainic acid 

26 = 4-[(2-chloroethyl) [2-(mesyloxy)ethyl]amino]benzoyl-L 

-glutamic acid 

27 = 4-[bis(2-chloroethyl) amino ]benzoyl-L-glutamic acid 

28 = active drug corresponding to 25 
20 29 = active drug corresponding to 26 

30 = active drug corresponding to 27 
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^VAMPT.E 5: CVPnTOVTCITY r.^ T^l^ PRODRnOfi WTTH AMD WTTHOUT CPG2 
TW A c;qi.orecta t. CELI. LINE 

The 2- and 3-fluoro prodrugs 7-9 and 19-21, and the non- 
feluorinated prodrug 26 were tested for prodrug activity by 
5 measruing their cytotoxicity with and without CPG2 in the 

colorectal cell line LS174T for 1 h (Tom et ^ (1976) In Vitro 
12, 180-181) . The corresponding active drugs 10-12, 22-24 and 
29 respectively were screened under the same conditions. 

The results are shown in Table 3. All the 3-fluoro 
10 prodrugs 19-21 showed substantial prodrug activity as did the 
non-fluorinated prodrug 26. In each case the prodrug was 
completely non-cytotoxic even at 800 mM and conversion to its 
corresponding drug by CPG2 led to increased cytotoxicity. The 
cytotoxicity of each of the active drugs 22-24 and 29 alone was 
15 not significantly different from that of its prodrug + CPG2 
(19-21 and 26) respectively. Although all the 2-fluoro 
prodrugs alone were non-toxic, none exhibited prodrug activity 
since they were not converted to a cytotoxic species in the 
prodrug + CPG2 tests. These data were in good argument with 
20 the cytotoxicity experiments using the 2-fluoro active drugs. 
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CLAIMS 

1, A compound which is a 3-f luorobenzamide of the 
formula (A) 



CONH — R (A) 



»-<o 



wherein R-NH is the residue of an a-amino acid R-NHj or 
10 oligopeptide R-NH,, and M is a nitrogen mustard group of the 
formula 

LCH2CH2 

YCHzCH,-"""'''^ 

15 wherein Y and L, which may be the same or different in a 

molecule, are leaving groups; or a pharmaceutically acceptable 
salt thereof. 

2. A compound according to claim 1 wherein Y and L, 
which may be the same or different in a molecule, are selected 

20 from halo, mesyloxy and 4-tosyloxy. 

3. A compound according to claim 2 wherein Y and L are 
both mesyloxy, Y and L are both chloro, or Y is mesyloxy and L 
is chloro. 

4. A compound according to any one of the preceding 
25 claims wherein the amino acid R-NH, is glutamic acid or 

aspartic acid. 

5. A compound according to any one of the preceding 
claims wherein the amino acid R-NH, is an L-amino acid. 

6. A compound according to claim 1 which is 
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3-f luoro-4- [ bis- [ 2- (mesy loxy ) ethyl ] amino ] benzoy l-L-glutamic 
acid, 

3-f luoro-4- ( ( 2-chloroethyl) [ 2 - (mesy loxy) ethyl ] amino] benzoy l-L- 
glutamic acid, 

5 3-fluoro-4- [bis (2-chloroethyl) amino]benzoyl-L-glutamic acid", or 
a pharmaceutically acceptable salt thereof. 

7. A pharmaceutical composition comprising a compound 
as claimed in any one of the preceding claims and a 
pharmaceutically acceptable carrier or diluent. 

10 8. A kit comprising a compound as claimed in any one 

of claims 1 to 6 or a composition as claimed in claim 7, and an 
immunoglobulin/ enzyme conjugate in which the immunoglobulin is 
specific for a tumour-associated antigen and the enzyme will 
cleave the amide bond between the residue of the a-amino acid 

15 R-NHj or oligopeptide R-NH, and the benzoic acid nitrogen 
mustard residue . 

9. A compound as claimed in any one of claims 1 to 6, 
a composition as claimed in claim 7 or a kit as claimed in 
claim 8 for use in a method of treatment of the hiiman or animal 

20 body by therapy. 

10. A compound, composition or kit according to claim 9 
for use in a method of treatment of cancer. 

11. A compound, composition or kit according to claim 
10 for use in a method which comprises administering to a human 

25 or animal suffering from cancer pharmaceutically effective 
amounts of 

(i) an iramunoglobulin/enzyme conjugate in which the 
immunoglobulin is specific for a tumour-associated antigen, and 
the enzyme will cleave the amide bond between the residue of 
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the a-amino acid R-NH2 or oligopeptide R-NH2 and the benzoic 
acid nitrogen mustard residue; and thereafter 
(ii) the said compound or composition- 



5 any one of claims 1 to 6 and 9 to 11, which process comprises 
deprotecting a compound of the formula (C) 



wherein M is as defined in claim 1, 2 or 3, and R'-NH is the 
residue of an a-amino acid R'-NHz or oligopeptide R'-NHj 
containing at least one protected carboxylic acid group, and 
15 optionally converting the resulting compound of formula (A) as 
defined in claim 1 into a pharmaceutically acceptable salt 
thereof . 

13. A process according to claim 12 wherein the at 
least one protected carboxylic acid group is protected by an 

20 ethyl or a tertiary butyl group. 

14. A process according to claim 12 or 13 wherein the 
compound of formula (C) is obtained by reacting a compound of 
formula (D) 



12. A process for producing a compound as claimed in 



F 



10 




<c) 



F 



25 




(D) 



Wherein X is hydroxy or halo and Z is a group capable of being 
converted to a nitrogen mustard group M as defined in claim 1, 
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With an a-amino acid or oligopeptide as defined in claim 12 or 
13, followed. by conversion of the group Z to a group M as 
defined in claim 1, 2 or 3 . 

15. A compound of the formula (B) 

5 



(B) 



»-<o 



wherein M is as defined in claim 1, 2 or 3. 
16. A compound of the formula (C) 



CONH— R' (C) 



"-<0 



wherein M is as defined in claim 1, 2 or 3, and R'-NH is the 
residue of an a-amino acid R'-NHj or an oligopeptide R'-NH, 
containing at least one protected carboxylic acid group. 

20 17. A compound according to claim 16 wherein the at 

least one protected carboxylic acid group is protected by an 
ethyl or tertiary butyl group. 

18. A method of treating a human or animal patient 
suffering from cancer, which comprises administering to the 

25 patient an effective amount of a compound as claimed in claim 
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